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(54) JUDGMENT METHOD FOR NITROGEN CONCENTRATION IN GATE OXIDE FILM 

(57)Abstract: : ><i 

PROBLEM TO BE SOLVED: To estimate nitrogen 
concentration on the basis of a simply calculated 
reoxidated film thickness rate by a method wherein the 
nitrogen concentration is judged on the basis of the 
deposition speed of a thermal oxide film. 
SOLUTION: A thermal oxide film 2 is formed on a 
semiconductor substrate 1 by a CVD method. After that, 
the thermal oxide film 2 is heated for a short time in a 
nitrous oxide atmosphere, and an oxynitride film 3 is 
formed. After that, when the oxynitride film is heated for 
a short time in an oxygen atmosphere, the oxynitride film 
is reoxigized, and a reoxidation film 4 is formed. A 
reoxidation film thickness rate is found on the basis of a : 
film thickness L1 after the oxynitride film is formed by 
oxidizing N20 and on the basis of a film thickness L2 after a reoxidation treatment performed 
thereafter. A thermal oxide film thickness which is found by an optical film-thickness 
measuring device is 40 &angst; as a target film thickness. A linear relationship is established 
between the concentration of nitrogen in a gate oxide film and a reoxidation rate. When the 
reoxidation rate with reference to the oxynitride film by a treatment under an oxynitriding 
condition is calculated, the concentration of the nitrogen can be estimated. By using this 
characteristic, the concentration of the nitrogen in the gate oxide film is judged. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

[The technical field to which invention belongs] this invention relates to the judgment method of the 
constituent concentration in the oxide film in the case of the gate oxide-film formation in the 
manufacturing process of a semiconductor device. 

[Description of the Prior Art] After forming a nitriding oxide film for the thermal oxidation film formed 
on the silicon substrate as a remedy to the flat-band- volt age shift and the increase in interface level 
density by hot carrier pouring in gate oxide-film formation conventionally using short ******** in 
nitriding nature atmosphere as indicated, for example by JP, 1-37027, A, reoxidation processing is 
performed using short ******** in the oxidizing atmosphere. When parameter value, such as the 
processing time in the inside of the gas which contained nitrogen in the aforementioned **** nitriding 
treatment, a quantity of gas flow, and processing temperature, changes, the nitrogen concentration in a 
gate oxide film changes, and the electrical property changes. Therefore, in order to acquire a 
predetermined electrical property and to investigate the electrical property of the gate oxide film formed 
in a tentative way, the nitrogen concentration in a gate oxide film was quantitatively analyzed using the 
analyzer by the secondary ion mass spectrometry (SIMS), the Auger electron spectroscopy (AES), etc., 
and parameter value is set up based on this. 

[Problem(s) to be Solved by the Invention] However, in order to obtain a gate oxide film with the 
desired electrical property, it is necessary to perform the aforementioned analysis to whenever [ the ], 
and great time and great costs start it. Moreover, since it is checking that it is the quality of a gate oxide 
film which had a target electrical property by the aforementioned method for every 200 device wafer 
processing periodically about the deposition processing conditions of a gate oxide film in a 
semiconductor plant, it cannot check whether the gate oxide film which had an electrical property as a 
target to all wafers has accumulated. In view of such a trouble, if the nitrogen concentration of this 
invention in a gate oxide film is high when a nitrogen atom mixes in an atomic-union hand [ a silicon 
substrate / near the oxide-film interface ], it aims late to let the growth rate of oxidization estimate this 
nitrogen concentration from the reoxidation thickness rate computed from the easy thickness 
measurement, without using instruments for analysis, such as SIMS and AES, for the nitrogen 
concentration in a gate oxide film using a bird clapper. 

[Means for Solving the Problem] In the semiconductor device manufacturing process to which invention 
of this invention according to claim 1 performs reoxidation processing using a heating furnace in an 
oxidizing atmosphere after forming a nitriding oxide film for the thermal oxidation film formed on the 
semiconductor substrate using a heating furnace in nitriding nature atmosphere It is the nitrogen 
concentration judging method in the gate oxide film characterized by judging the nitrogen concentration 
in the thermal oxidation film after the aforementioned reoxidation processing from the rate of 
sedimentation of the thermal oxidation film in the aforementioned reoxidation processing. Invention 
according to claim 2 is the nitrogen concentration judging method in the gate oxide film according to 
claim 1 characterized by asking for the rate of sedimentation in reoxidation processing in the difference 
of the thickness after nitriding oxide-film formation, and the thickness after reoxidation. Invention 
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according to claim 3 is the nitrogen concentration judging method in the gate oxide film according to 
claim 1 or 2 characterized by using a hydrochloric-acid oxidation style in reoxidation processing. 
[Embodiments of the Invention] Below, the operation form of this invention is shown. DrawingJ. is an 
example of oxide-film formation about this invention. The thermal oxidation film 2 is formed by CVD 
on the semiconductor substrate 1 ( drawing 1 a), and the nitriding oxide film 3 is formed by carrying out 
short-time heating in nitrous-oxide atmosphere after that ( drawing 1 b). Then, by carrying out short- 
time (T) heating in oxygen atmosphere, a nitriding oxide film is reoxidated and the reoxidation film 4 is 
formed ( drawing 1 c). If a reoxidation thickness rate is made into the thickness LI after forming the 
nitrogen oxide film by N20 oxidization (nitriding oxidization), and the thickness L2 after subsequent 
reoxidation processing, it will be called for from a formula [(L2-L1 )/T]. Moreover, it is asking for the 
above-mentioned thickness with the optical thickness-measurement vessel, and thermal oxidation 
thickness makes 40A target thickness. Drawing 2 shows the peak intensity ratio of the nitrogen/oxygen 
for which it asked from the SIMS measurement when changing parameter value, such as the processing 
time, processing temperature, and a quantity of gas flow, in **** nitriding treatment, and the relation of 
the reoxidation thickness rate under the conditions. For example, in the plot A in drawing 2 , the peak 
intensity ratio of the nitrogen/oxygen for which it asked from SIMS measurement is 5 minutes, and 
0.0191 and the N20 flow rate of a reoxidation rate are [ 5slm(s) and processing temperature / 900 
degrees C and the processing time ] parts for 0.88 A/. As shown in drawing 2 , linear relation is 
materialized between the nitrogen concentration in a gate oxide film, and a reoxidation rate, and the 
nitrogen concentration in the conditions concerned can be estimated by computing the reoxidation rate 
to the nitriding oxide film by a certain acid nitriding condition processing. That is, this invention judges 
the nitrogen concentration in an oxide film, without using instruments for analysis, such as SIMS and 
AES, using this property. Therefore, since the thickness measurement which is a measuring method 
[ short time simply and ] can estimate the nitrogen concentration in a gate oxide film, it becomes easy to 
carry out management of the process in a manufacture site, and the time and costs in manufacture can be 
reduced. In addition, dry cleaning 02 is sufficient as reoxidation, and it should just be among an 
oxidizing atmosphere. Moreover, if hydrochloric-acid oxidation treatment which mixed the hydrochloric 
acid gas which improves membraneous quality is performed, there is the annealing effect. Moreover, 
since the reoxidation concerned diffuses the inside of an oxide film and a reacting matter reacts by the 
interface with silicon, the thick film with which the thickness of a reoxidation film serves as a diffusion 
limitation is unsuitable, and hundreds ofA or less is desirable. 

[Effect of the Invention] According to this invention, without using instrument for analysis, the nitrogen 
concentration in a gate oxide film can be estimated by spot observation of oxidization thickness, and it is 
useful as the monitoring technique. 



[Translation done.] 
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